The research was conducted to investigate the phytochemical constituents, acute toxicity, the anti-inflammatory and antinociceptive activities of the aqueous extract of Tamarindus indica L. (AQETI) leaves. Phytochemical constituents present in AQETI were found to be flavonoids, cardiac glycosides, tannins and terpenoids which might be responsible for the established anti-inflammatory and antinociceptive activities in the plant extract. The leaf extract of the plant was found to be moderately toxic with an intraperitoneal acute toxicity (i.p. LD 50 ) of 566 mg/kg. AQETI produced significant (p < 0.05) and dose-dependent anti-inflammatory and antinociceptive activities. AQETI (400 mg/kg) exhibited a maximum percentage inhibition (56.97%) in acetic acid-induced writhing response and at 30 min increased the pain threshold by 100 % in the tail immersion test. In the hot plate method, AQETI (400 mg/kg) showed a similar percentage inhibition (84.62%) at 30 and 60 min. The results demonstrate that the aqueous extract of Tamarindus indica L. leaves contains some pharmacologically active substances, was moderately toxic and possessed significant anti-inflammatory and antinociceptive acivities.
Introduction
Plants are very important in many parts of the world since creation of mankind and have been used by man as source of food, medicine, shelter, clothing, cosmetics, flavours and spices (Gamaniel, 2000; Cordell, 2006; Tor-Anyiin et al., 2006) . The use of medicinal plants in West Africa is probably as old as the duration of human settlement in the region (Abdulrahman et al., 2010) .
Tamarind or Tamarindus indica L. of the Fabaceae, is an important food in the tropics. It is a multipurpose tree of which almost every part finds at least some use (Kumar & Bhattacharya, 2008) , either nutritional or medicinal. Tamarind is indigenous to tropical Africa but it has been introduced and naturalized worldwide in over 50 countries. The major production areas are in the Asian countries (India and Thailand, Bangladesh, Sri Lanka and Indonesia). In America, Mexico and Costa Rica are the biggest producers. Africa on the whole does not produce tamarind on a commercial scale, though it is widely used by the local people. Minor producing countries in Africa are Senegal, Gambia, Kenya, Tanzania and Zambia (El-Siddig et al., 2006) . The plant is well known in traditional medicine (Morton, 1987; El-Siddig et al., 2006; Sidhuraju, 2007) and has been utilized as remedy for a number of ailments (Rimbau et al., 1999; Kristensen and Balslev, 2003; El-Siddig et al., 2006) for its antioxidant (Perez et al., 1995; Ramos et al., 2003; Tsuda et al., 2004; Sudjaroen et al., 2005; Al-Fatimi et al., 2007; Siddhuraju et al., 2007) , antihelminthic (Das et al., 2011) , Cytotoxic (Al-Fatimi et al., 2007) , laxative (Bhat et al., 1990) , analgesic (Dighe et al., 2009; Khalid et al., 2010) , antiasthmatic (Tayade et al., 2009) , hepatoprotective (Pimple et al., 2007) , hypolipidaemic and Weight-Reducing (Jindal et al., 2011) , antimicrobial (Meléndez and Capriles, 2006; Al-Fatimi et al., 2007; Warda et al., 2007) anti-diabetic, antihelminthic (El-Siddig et al., 2006) , hypolipidaemic (Martinello et al., 2006) , anti-inflammatory (Useh et al., 2004; Fook et al., 2005) activities.
Inflammation is the local response of living mammalian tissues to injury due to any agent. It is the body's defense reaction in order to eliminate or limit the spread of injurious agents as well as to remove the consequent necrosed cells and tissue (Anupama et al., 2012) . It is a manifestation of the body's response to tissue damage and infection. The result of each inflammatory reaction may be beneficial (defends the body against agents deranging its homeostasis) or harmful (damage surrounding tissues) (Reynold, 1993) . It is part of a multifaceted biological phenomena of vascular tissues to injurious stimuli due to pathogens, injured cells or irritants. It is a defensive attempt by the organism to remove such injurious stimuli and commence the healing process (Maldini et al., 2008) , but the symptoms like swelling, tightness, joint pain and irritation associated with inflammation cause patients discomfort. Combating the inflammation can improve circulation and aid healing as well as lessen pain.
Pain is an unpleasant feeling often associated with tissue damage. Tissue injury is the immediate cause of pain as it releases different chemical mediators like prostaglandins, bradykinins and substance P which act on the nociceptors causing this sensation. The nociceptive stimulus is transmitted to the CNS by small myelinated Aδ-fibres or by unmyelinated thin C-fibres (Otsuka & Yanagisawa, 1990) . It is often classified as chronic and acute. Acute pain may be characterized by its quick onset and short duration, lasting for hours. On the other hand, chronic pain is often associated with persistent pain over a large period of time (Merskey & Bogduk, 1994; Mark, 1999) . Pain and fever are the most common complaints associated with inflammation. The NSAIDs used in the inflammatory conditions do not cure and remove the underlying cause of the disease but they only modify the inflammatory response to the disease. Large numbers of NSAIDs are available in the market with their advantages and disadvantages. Though there are standard drugs like Aspirin, Indomethacin, Phenylbutazone, etc., these drugs are not entirely free of side effects and have their own limitation (Reynold, 1993) . Thus, there is still a need to develop newer and safer anti-inflammatory drugs. NSAIDs use is frequently limited by gastrointestinal side effects, ranging from dyspepsia to life threatening bleeding from ulceration. It is believed that NSAIDs by inhibiting cyclooxygenase (COX) pathway causes inhibition of prostaglandins synthesis, which are responsible for maintaining gastric mucosal integrity (Kalra et al., 2010) . Herbal medicines used in Ayurveda remain the major source of health care for the world's population. The World Health Organisation (WHO) has recognized herbal medicine as an essential building block for primary health care of many countries like India, China and African countries.
Conventional medicines such as steroids and non-steroidal anti-inflammatory drugs (NSAIDs) have shown only limited achievement against all forms of inflammatory circumstances. Furthermore, the unpleasant (adverse) side effects associated with NSAIDs such as bleeding and mucosal damage and other gastrointestinal disturbances as well as tolerance and dependence induced by opiates, the use of these drugs as analgesic agents have not been successful in all the cases making the treatment difficult (Goldsby et al., 2003; Ukwuani & Hassan, 2014) .
Considering the probable adverse effects of these drugs, as well as their limited ability to provide long-term remission, there is a need for a new, safe and cost-effective anti-inflammatory agent which can reduce pain and other associated symptoms (Fleischman et al., 2004) . To overcome all these problems, preparations from plant origin have become important in modern medicine and are widely prescribed in traditional systems. Anti-inflammatory and antinociceptive effects in rats may be induced by acetic acid, hot plate (thermal nociception), tail immersion, tail flick or carrageenan hind-paw oedema. In view of the reported uses of this plant and its economic value, the present study investigated the safety and the anti-inflammatory and antinociceptive effects of the aqueous leaf extract of Tamaridus indica L. in rats (Wistar strain albino rats). leaves were then pulverized using a wooden mortar and pestle to powder, weighed and stored in a specimen bottle. Two hundred and fifty gram of the pulverized leaves of was refluxed (hot extraction) exhaustively with freshly distilled water at 80 °C. The aqueous extract was filtered, concentrated in vacuo and stored in a specimen bottle for use throughout the study. The yield was 62.17 g (24.87%) with respect to the starting material with a light brown colour, fine texture and characteristic taste and odour.
Animals
Fifty three healthy adult Wistar strain albino rats of both sexes weighing 96-193 g and 20 healthy adult mice of both sexes weighing 20-36 g purchased from the Faculty of Pharmacy Animal House were housed in standard wire meshed plastic cages in the Department of Physiology, Pharmacology and Biochemistry Laboratory, Faculty of Veterinary Medicine, University of Maiduguri. The animals were allowed to acclimatize to this environment for a period of two weeks where they were allowed access to food (Vital ® Feed) and water ad libitum. All the animals were handled according to the International Guiding Principles for Biomedical Research Involving Animals (CIOMS, 1985) as certified by the Animal Ethics Committee of the Faculty of Veterinary Medicine, University of Maiduguri.
Preliminary Phytochemical Screening of AQETI
Qualitative phytochemical tests were carried out to determine the presence or absence of some pharmacologically active secondary metabolites in the leaves of Tamarindus indica L. using standard methods (Brain & Turner, 1975; Vishnoi, 1979; Markham, 1982; Silva et al., 1998; Sofowora, 2008; Evans, 2009 ).
Acute Toxicity Studies (LD 50 Determination)
The acute toxicity AQETI was determined as described by Lorke (1983) . The experiment was divided in two phases both using the intraperitoneal route of adminisration (i.p) as follows:
Phase I
Nine (9) healthy Wistar strain albino rats of both sexes weighing 103-168 g were randomly selected and divided into three groups (labelled A, B and C) of three animals each. The animals in each group were weighed and labelled with picric acid on either the head, back or tail (as required), as a mark of identification. The groups were then treated respectively with the extract at incremental doses of 10 mg/kg, 100 mg/kg and 1000 mg/kg intraperitoneally. The animals were then observed for 24 hours for signs of toxicity and mortality.
Phase II
Four (4) randomly selected healthy Wistar strain albino rats weighing 109-193 g were grouped into four groups A, B, C and D of one animal each, weighed and given identification marks. The animals were then exposed to graded doses of AQETI intraperitoneally (200 mg/kg, 400 mg/kg, 800 mg/kg and 800 mg/kg) respectively based on the result of phase I. The rats were allowed access to food and water ad libitum and were observed for 24 hours for signs of toxicity and death after which the LD 50 was calculated using the formula below:
Where a = lowest dose that kills an animal, 1/1 b = highest dose that does not kill any animal, 0/1 (Lorke, 1983) .
Acetic Acid-induced Writhing Test in Mice
This was carried out according to the method described by Koster et al. (1959) ; Singh and Majundar (1995) . Twenty adult mice of both sexes (weighing between 20 and 36 g) were randomly separated into four groups (A, B, C and D) of five mice each. They were deprived of food for 24 hr before the commencement of the experiment. Those in group A received distilled water (3 ml/kg) to serve as negative control group while those in groups B and C received 200 and 400 mg/kg respectively of the AQETI; while those in group D received pentazocine (30 mg/kg) to serve as the positive control group. All drug and extract administration were carried out intraperitoneally (i.p). Twenty minutes later, 10 ml/kg of 0.6% acetic acid solution (in 0.9% w /v normal saline) was administered i.p. to all groups to induce writhing. Writhing response was observed as described by Turner (1965) . The number of writhes was counted from five minutes after acetic acid administration for thirty minutes. A reduction in the number of writhing as compared with the negative control group was considered as evidence of analgesia. The percentage protection was obtained using the formula described by Hernandez-Perez et al. (1995) as shown below;
% inhibition
Mean no. of writhes in negative control group Mean no. of writhes in test group Mean no. of writhes in negative control group 100
Tail Immersion Test
The tail immersion method was used to evaluate the central mechanism of analgesic activity (Ramabadran et al., 1989) .This was based on the method described by Singh and Majundar (1995) . Twenty rats of both sexes (weighing between 96-159 g) were randomly divided into four groups (A, B, C and D) of five rats each. They were deprived of food for 24 hr before the commencement of the experiment. Those in group A (negative control) received distilled water (10 ml/kg) while those in groups B and C received 200 and 400 mg/kg respectively of AQETI whilst those in group D (positive control) received pentazocine (30 mg/kg). All treatments were by i.p route. Thirty minutes later, the tail (upto 10 cm) was dipped into a water bath maintained at 55 ± 0.5 °C. The time (in seconds) to withdraw the tail clearly out of the water was taken as the reaction time. The latent period of the tail response was determined at 30, 60, 90 and 120 min after the administration of drugs and extract. The percentage (%) increase in pain threshold (latency) was calculated by the formula below;
% increase pain threshold
Mean reaction time in rats in test group Mean reaction time in rats in negative control group Mean Reaction time in rats in negative control group 100
Hot Plate (Thermal Nociception) Test
This was carried out according to the method described by Badilla et al. (2003) . Twenty rats of both sexes (weighing between 121-161 g) were randomly divided into four groups (A, B, C and D) of five rats each. They were deprived of food for 24 hr before the commencement of the experiment. Those in group A (negative control) received distilled water (10 ml/kg) while those in groups B and C received 200 and 400 mg/kg respectively of AQETI whilst those in group D (positive control) received pentazocine (30 mg/kg). All treatments were by i.p route. Thirty minutes later, they were placed on Eddy's hot plate maintained at 55 ± 0.5 °C. This was repeated every thirty minutes for 2 hrs. The reaction time was taken as the time for the rats to jump out of the stainless steel plate on the hot plate. The percentage (%) inhibition was calculated by the formula below;
% inhibition
Mean reaction time in rats in test group Mean reaction time in rats in negative control group Mean reaction time in rats in negative control group 100
Statistical Analysis
Data generated during the study were expressed as mean ± standard deviation (S.D.) and analyzed by one way analysis of variance (ANOVA) using statistical package for Social Sciences windows 16.0 version (SPSS, 2007) and P < 0.05 was considered significant.
Results

Phytochemistry
Phytochemical screening revealed that AQETI contained carbohydrates, cardiac glycosides, flavonoids, steroidal nucleus, tannins, terpenoids, but alkaloids, anthraquinones, saponins and starch were absent (Table 1) . Key: + = Present; -= Absent.
Acute Toxicity (LD 50 ) Studies of the Aqueous Leaf Extract of Tamarindus indica L.
The i.p. LD 50 was 566 mg/kg (Table 2) . 
Acetic Acid-Induced Writhing
AQETI (200-and 400 mg/kg) dose-dependently reduced the number of writhes induced by 0.6 % Acetic Acid Solution. The highest dose (400 mg/kg) produced a significant (P < 0.05) percentage inhibition of 56.97% while pentazocine (30 mg/kg) gave 86.63%, a value higher than that of the extract (Table 3) . 
Tail Immersion Test
The aqueous leaf extract of Tamarindus indica L. at the different post-treatment times induced a dose-dependent increase in pain threshold (latency) for removal of tail. The maximum latency, (highest significance, p < 0.05), irrespective of post-treatment time for the extract at 200 and 400 mg/kg were 5.60 ± 0.55 and 6.40 ± 0.55 sec. respectively compared with a value of 9.40 ± 0.53 for pentazocine. Pentazocine produced a greater inhibition compared with the exract (400 mg/kg) at all post-treatment times. Peak antinociceptive effect for the extract occurred at 30 min. post-treatment (Table 4) . 
Hot Plate (Thermal Nociception) Test
Aqueous leaf extract of Tamarindus indica L. (200-400 mg/kg) dose-dependently significantly (p < 0.05) increased the pain threshold (latency) 30 min after intraperitoneal administration with a percentage inhibition of 53.85 and 84.62% respectively administration reaching peak in 60 min. The inhibition produced by the extract was however lower when compared with that of the standard drug, pentazocine which was 138.46%, but it was significant (P < 0.05) ( Table 5) . It was also observed that the percentage inhibition for both the extract and the drug decreased with time. 
Discussion
The results of the phytochemical screening revealed that AQETI contained carbohydrates, cardiac glycosides, flavonoids, steroidal nucleus, tannins and terpenoids, while alkaloids, anthraquinones, saponins, and starch were absent. These phytochemicals have been reported to influence physiological activities of the body. The presence of carbohydrates in this plant forms the basis for its wide use as a food source by man and animals.
Cardiac glycosides have strong activity on the heart and some have been used in the treatment of congestive heart failure (CHF). Cardiac glycosides may also have pesticidal properties (Okwute, 1992; Harbone, 1998) .
Bioactive compounds such as tannins and flavonoids as found in the extract possess analgesic and anti-inflammatory activities (Ahmad et al., 2005) .The profile of polyphenols and flavonoids in Tamarindus indica include proanthocyanidine in various forms likeapigenin, anthocyanin, procyanidine, catechin, epicatechin, along with taxifolin, eriodictyol andnaringenin (Samina et al., 2008) . Out of these phytoconstituents, polyphenols and flavonoids have been well known to exhibit anti-inflammatory and antinociceptive action (Loggia et al., 1986; Gonzalez et al., 2007; Rao et al., 2008) . Flavonoids have been reported to play a role in analgesic activity primarily by targeting prostaglandins (Rao et al., 1998; Rajnarayan et al., 2001 ). These flavonoids may interact directly with the prostaglandin system and inhibit the substitute cofactor for the prostaglandin generation and also inhibit arachidonic acid lipoxygenation as well as enzymes involved with inactivation or biotransformation of prostaglandins (Panthong et al., 1989; Recio et al., 1995) . Flavonoids are also implicated in having antipyretic, anti-inflammatory and antioxidant properties (Evans, 2009) . It has been reported that the seeds of Tamarindus indica have antiulcer, anti-asthmatic, anti-diabetic and antioxidant activity (Pankaj et al., 2011; Nurhanani et al., 2012) . Also seeds of Tamarindus indica are rich in phenolic compounds, polymeric tannins and fatty acids, flavonoids, saponins, alkaloids and glycosides (Valko et al., 2006; Boots et al., 2008) . Flavonoids, tannins, saponins and alkaloids are responsible for the anti-inflammatory and analgesic activity (Doughari, 2006) .
The presence of the steroidal nucleus, the backbone of steroidal agents such as cortisone and prednisolone among others is purported to be responsible for the established anti-inflammatory effect of Tamarindus indica L. (Gonzalez et al., 2007) .
Tannins have astringent properties which are important in wound healing (Pondrimoli & Grazi, 1996) . There are also reports on the role of tannins in anti-nociceptive activity (Vanu et al., 2006) .
Terpenes are known to have anti-inflammatory properties. The antinociceptive activity observed may also be through the effect of the extract on the inflammatory process.
One or a combination of these compounds detected might be responsible for the established antinociceptive and anti-inflammatory effects.
These phytochemicals together with amino acids, proteins, fatty acids and minerals (macro-and micro-elements) have been reported elsewhere (El-Sidigg et al., 2006; Martinello et al., 2006; ) in the whole plant and the leaves in particular. Amino acids are building blocks for proteins and are necessary for the synthesis of endogenous peptides such as enkephalins, endorphins and dynorphins among others, which are endogenous pain modulators released by the body especially during acute inflammation and pain.
Saponins, though absent in this plant extract, cause haemolysis if given intravenously (Patrick-Iwuanyanwu and Sodipo, 2007) . The absence of alkaloids and other constituents and or the differences in constituents found in the literature are likely to be due to differences in genetic strains, stages of maturity at which the plant parts were collected, growing conditions, harvesting and handling techniques as well as to differences in analytical methodologies.
The result of the acute toxicity, i.p. LD 50 of 566 mg/kg shows that the substance is moderately toxic. According to Clarke and Clarke (1977) and Sodipo et al. (2007) any substance whose i.p. LD 50 in rats falls between 50 and 500 mg/kg is regarded as toxic, between 500 mg/kg but less than 1,000 mg/kg is moderately toxic and greater than 1,000 mg/kg is non-toxic.
The antinocieptive activity of the crude aqueous extract of Tamarindus indica leaf produced significant graded dose effects in all the three models employed viz; acetic acid-induced writhing, hot plate (thermal nociception) and tail immersion. Writhing induced by chemical substances (e.g. acetic acid, phenylbenzoquinone) injected i.p. are due to sensitization of nociceptors by prostaglandins (Nunez et al., 1997; Yongna et al., 2005) and this test is useful for the evaluation of mild analgesic non-steroidal anti-inflammatory compounds (Eekankopf et al., 1988; Ferreira & Vane, 1974) .
The inhibition of writhing in mice by the aqueous extract suggests a peripheral mechanism of action possibly via inhibition of prostaglandins among several possibilities. Pain sensation in acetic acid-induced writhing method is elicited by triggering localized inflammatory response resulting from the release of free arachidonic acid from tissue phospholipid (Ahmed et al., 2006) via cyclooxygenase (COX), and prostaglandin biosynthesis (Duarte et al., 1988) . In other words, the acetic acid induced writhing has been associated with increased level of PGE 2 and PGF 2α in peritoneal fluids as well as lipoxygenase products (Deraedt et al., 1980) . The increase in prostaglandin levels within the peritoneal cavity then enhances inflammatory pain by increasing capillary permeability (Zakaria et al., 2008) . The acetic acid induced writhing method has been found effective to evaluate peripherally active analgesics. The agent reducing the number of writhing will render analgesic effect preferably by inhibition of prostaglandin synthesis, a peripheral mechanism of pain inhibition (Duarte et al., 1988; Ferdous et al., 2008) . The significant pain reduction of the plant extract might be due to the presence of analgesic principles acting within the prostaglandin pathways (Ukwuani & Hassan, 2014) . The abdominal writhing induced by acetic acid has been reported to be less selective (Collier et al., 1968) and proposed to act indirectly by releasing endogenous mediators stimulating neurons that are sensitive to other drugs such as narcotics and centrally acting agents (Toma et al., 2003) . The effect of the extract was however; lower than that of the standard drug, pentazocine, in all the three tests and at the doses used. Peak antinociceptive effect was observed at a dose of 400 mg/kg in all the tests. In order to further confirm the antinociceptive effect of the extract, the tail immersion and the hot plate tests were carried out. Thermal nociceptive tests are more sensitive to opioid μ receptors and non-thermal tests are to opioid κ receptors (Abbott & Young, 1988; Furst et al., 1988) . The tail immersion test is considered to be selective for the drugs acting central. It measures the complex response to a non-inflammatory, acute nociceptive input and is one of the models normally used for studying central nociceptive activity (Sabina et al., 2009) . The effects of the extract in the tail immersion and hot plate methods confirmed its analgesic action. This goes further to suggest also a central mechanism of action for the extract. It is known that centrally acting analgesic drugs elevate the pain threshold of albino rats towards heat and pressure (Singh & Majumdar, 1995) . In the hot plate and tail immersion experiments, pentazocine's effect as an analgesic has a higher effect than that of the extract. The analgesic superiority is expected, since pentazocine is a narcotic analgesic used to alleviate deep-seated pain (Turner, 1965; Besra et al., 1996) . Since there were significant activities recorded in both methods (tail immersion and hot plate), the extract could be said to act both peripherally and centrally in producing analgesia. Noxious stimuli cause release of chemicals such as prostaglandins, decarboxylated amines (histamine and serotonin), there by inducing pain locally (Nunez et al., 1997; Yongna et al., 2005) . Peripherally acting analgesics such as non-steroidal anti-inflammatory drugs (NSAIDs) act by inhibiting release of prostaglandins (Wagner et al., 2004; Ngulde, 2010) . The centrally acting analgesics such as pentazocine act through their receptors in the central nervous system (CNS) by increasing the threshold response to pain stimuli (Singh and Majumdar, 1995) . Opiod analgesics inhibit both peripheral and central mechanisms of pain, while NSAIDs inhibit only peripheral pain (Elisabetsky et al., 1995; Pal et al., 1999) . Goyal et al. (2013) evaluated the analgesic effect of the ethanol extract of Tamarindus indica leaves in experimental rats (Adult Swiss Albino Mice) using the tail immersion method in which they reported significant (p < 0.05) analgesic activity in 30 min after oral doses of 200 and 400 mg/kg. Similar results have been obtained for the seeds (Anupama et al., 2012) and whole stem (Ukwuani & Hassan, 2014) .
The crude aqueous leaf extract of Tamarindus indica contained many pharmacologically active compounds such www.ccsenet.org/jps Journal of Plant Studies Vol. 4, No. 2; as flavonoids, terpenoids tannins and cardiac glycosides and some of these may be responsible for the local or central antinociceptive effect.
Conclusion
In conclusion, the aqueous extract of Tamarindus indica L. is moderately toxic, contained some pharmacologically active constituents (cardiac glycosides, flavonoids, steroidal nucleus, tannins and terpenoids) and possessed analgesic and anti-inflammatory activities purported to be mediated via peripheral (probably through inhibition of prostaglandin synthesis) and central mechanisms. This supports the use of the plant in ethnomedical and folkloric practices in alleviating pain.
